Evolutionary transitions from dioecy to hermaphroditism must overcome the inertia of sexual 26 dimorphism because modified males or females will express the opposite sexual function for which their 27 phenotypes have been optimized. We tested this prediction by comparing the siring success of female-28 derived hermaphrodites of the plant Mercurialis annua with males and hermaphrodites that present a 29 male-like inflorescence. We found that pollen dispersed by female-derived hermaphrodites was about a 30 third poorer at siring outcross offspring than that from hermaphrodites with male-like inflorescences, 31 illustrating the notion that a 'ghost of dioecy past' compromises the fitness of derived hermaphrodites 32 in outcrossing populations. We conclude that whereas dioecy might evolve from hermaphroditism by 33 conferring upon individuals certain benefits of sexual specialization, reversals from dioecy to 34 hermaphroditism must often be limited to situations in which outcrossing cannot be maintained and 35 inbreeding is favored. Our study provides novel empirical support for evolutionary models for the 36 breakdown of dioecy. 37 3 Introduction 38
Introduction 38
Dioecy is found in about 6% of species, but in about half of all families of flowering plants (Renner & 39 Ricklefs 1995; Weiblen et al. 2000; Renner 2014 ). This distribution might suggest that dioecy is an 40 evolutionary dead end or 'failure' (Westergaard 1958; Bull & Charnov 1985; Heilbuth 2000) , such that 41 lineages with separate sexes diversify less and are more prone to extinction than their hermaphroditic 42 counterparts. However, the dead-end hypothesis has been challenged by analysis suggesting that the 43 evolution of dioecy might actually increase lineage diversification, and that the scattered phylogenetic 44 distribution of dioecious species might be explained by frequent reversions from dioecy to functional Within genera, Goldberg et al. (2017) found that transitions towards combined sexes were no less 55 common than those towards separate sexes. In many of these reversions, dioecy evolved from 56 monoecy, not hermaphroditism with bisexual flowers, suggesting that the association between dioecy 57 and monoecy (Renner & Ricklefs 1995 ) may be explained not only by the evolution of dioecy from 58 hermaphroditism via monoecy, but also by the breakdown of dioecy to monoecy. 59
60
The breakdown of dioecy presumably involves the selection of individuals with 'leaky' sex expression, 61 7 competition both with males with the F-like form. We first compared inflorescence morphology and 134 pollen production of males with M-like and F-like monoecious forms, then tested our hypotheses by 135 evaluating siring success of the three phenotypes in common gardens. We also tested for trade-offs 136 between male and female allocation within and among populations. Our results support the notion that 137 monoecious individuals that retain a female-derived morphology are indeed poorer at siring progeny 138 than those that combine monoecy with male-like inflorescences, illustrating a ghost of dioecy past. Our 139 analysis also suggests that transitions from dioecy to hermaphroditism are likely to be associated with a 140 shift from obligate outbreeding to facultative inbreeding, as implied by models of the breakdown of 141 dioecy ( 
Data analysis 214
We used mixed models to analyse: plant height; plant biomass; mean length of peduncles per plant; 215 pollen biomass and seed biomass; sex ratio in the progeny of Experiment 1; and, for Experiment 2, the 216 proportion of progeny of parents with different phenotypes. As our primary interest was to determine 217 the functional effect of two contrasting monoecious inflorescence forms in M. annua, we defined 218 inflorescence form as a fixed variable, and population within inflorescence form and array as random 219 variables. We tested for a trade-off between male and female reproduction of monoecious individuals in 220 Experiment 1 by fitting a model with pollen mass as the response variable and biomass of seeds, plant 221 biomass and inflorescence form as independent variables, controlling for population and array variation 222 as random terms. 223
224
We used Gaussian models for all variables except for the sex ratio and inter-form crossing rate, for 225 which we used a binomial model. Data were log-transformed when necessary to normalize residuals. All 226 data analysis was implemented in R v. (Tables S1 and S2) . 237
238
Peduncle length differed between all three phenotypes: peduncles of males were longer than those of 239 M-like monoecious individuals, which were much longer than those of F-like individuals (Figure 2a and 240 Table S1 ). F-like monoecious individuals were similar in height to males, but significantly taller than M-241 like monoecious individuals (Figure 2b and Table S1 ). Males invested much more in male flower 242 production than did both monoecious forms (Figure 2c (Table S3) . 261
There was insufficient variation at the microsatellite loci to estimate the selfing rate of M-like 262 individuals. However, if we assume a similar selfing rate for both forms (see Discussion), we may infer 
